prioreceptive tension-receptors, on this view,) will depend not only on the magnitude of the exciting force (here proportional to sin a) but also on the distribution of excitation-thresholds among them. The relation of this conception to Hecht's (1923 Hecht's ( -1928 as we will find reason to see. The ratio d 0/d log sin a (that is, the slope of the curve connecting e and log sin a) gives the rate at which additional excitation is involved as sin a increases. Unquestionably, the matter of frequency of excitation, as re]ated, mainly, to the speed of creeping (cf. Pincus, 1926-27 ) and thus to the frequency of movement of the appendages, introduces complications. Tension-excitation depends on change of tension (cf. Adrian and Zottermann, 1926; Cooper and Creed, 1927; Adrian, 1928) . We are justified in exploring the consequences of simplifying assumptions, provided we do not forget their existence, and we shall accordingly assume that while the effective gravitational pull is proportional to sin ~, the excitation of a single receptor unit over an interval of time during progression depends upon log sin o~. It is significant here that the speed of progression, approximately determined by the frequency of stepping, is known to be directly proportional to log sin o~ (Pincus, 1926-27) ; more accurately, in the data at our disposal, 0 and speed of progression are directly proportional. For a given O, there is equivalence of numbers of tension-receptor sense organs activated on the two sides of the body, and constant .frequency of excitation over gross intervals of time. Then 0 is a direct measure of the total excitation experienced. It is on this basis that the relation A cos O/A sin o~ = -const, is obtained. I When a is varied, the speed of creeping changes, also 0. We can regard this as signifying that both the total number of receptors and the frequency of excitation alter with a, and so with 0. Hence, 0 is such a function of a that, as a varies, it in some fashion includes both elements in the totality of excitation over a gross unit of time. Assuming that for any small increase, a E, in total excitation per unit time, we have E = K1 (a N) (a F) , where N signifies number of receptors, F frequency of excitation through changes in the positions of the limbs during progression, th~n since A F oc Speed of progression, at least approximately, and since A Speed/~ log sin ,x is sensibly constant,
AE = Ks (AN) (A log sin a).
But our assumption must be that O and E are equivalent,
.'. A 0 = K3 (A 27) (Zi log sin ~) &O
and A log sin a -Ks (A N). On this basis, plotting A 0/A log sin o, against sin a should show how increasing ~ brings new sense organs into play according to the distribution of effective tension-thresholds among them.
In this connection it may be remarked that lowering the temperature decreases speed of movement, and 0, at given a; while attaching (moderate) added loads increases both. It should be clear that the logarithmic factor in these computa-tions is not to be considered as other than a conveniently adequate relationship; and with respect to any tendency which may exist to regard it as signifying "Weber's Law" we may point out that here the approximately logarithmic relation holds over the whole working range, not to its mid-portion (cf. Hecht, 1923-24) .
The phenomena of "post contraction" in the human arm show how one aspect of the direct proportionality of continued excitation to motor effect may be tested Allen and O'Donoghue, 1927) . The uppermost set pertains to one subject, the lower sets to another. See text.
objectively. Allen and O'Donoghue (1927) measured the post contractional angular displacement of the arm after submission to known tensions. Although they analyze their results in a quite different way, it is clear from the data that the angular displacement, which (rather than the work done in elevating the released armt) may be taken as a measure of the "intensity" and therefore of the persistence of the initially excited flow of proprioceptively originating impulses, is in fact directly proportional to the exciting force (cf. Fig. 9 ). In many other instances the attempt to find "logarithmic" relationships is equally out of focus. 4 4 We may anticipate certain matters which it is expected to develop elsewhere, to the extent of pointing out that the nature of the limitation of geotropic orientation as here considered is essentially identical with the ancient problem of lifted weights in psychology. It can be stated that analysis of the existing data appears possible, without appeal to "units of sensation" but in terms of numbers of affected tenslon-receptors, by a method analogous to that employed in the present paper.
It will have been noticed that for the distributions of measurements given in Figs. 8, 12 , e~c., smooth curves have been drawn. This is entirely justified under the conditions, since each plotted point is subject to a certain (measured) precision, which is taken into account in drawing the smoothest permissible curve. It may well be that if greater refinement of observation were possible, discontinuities of an abrupt sort would become apparent, but if the notions employed in Crozier and Pincus, 1927-28; and Fig. 8 of the present paper) is plotted against sin a. The resulting curve (full line) is analyzable into a central symmetrical distribution curve, and the residues at either side provide by difference the right-and left-hand groupings. Within reasonable limits, I, II, and III are each symmetrical. this paper are approximately correct there seems, in the case of this material, no opportunity to achieve such precision; nor is there any likelihood that it would appreciably affect the main results of the analysis even if secured.
When A 0/A log sin o~, obtained by measuring the slopes of the fitted curves (Fig. 8) (by the mirror method, for example), is plotted as a function of sin ~, the differential curves appear as in Figs. 10 and 11. These graphs clearly are not simple. But for the fact that suggesfive comparisons may be made among the curves available for the several races, it might be unprofitable to attempt to use them. As they stand, the differential curves, necessarily incomplete at the Iowa end, each appear to be composed of 3 almost symmetrical population curves. This can be taken to signify, if further tests support the 1j t. An analysis of zxO/~x log sin a vs sin a for race A shows essentially the same condition as in the case of race K, except that i, ii, iii, are each smaller than the corresponding elements in K; and the positions of the maxima are slightly different.
notion, that there are involved 3 large groups of receptors, of successively higher mean excitation thresholds, the implication of the members of these overlapping groups in the determination of the angle 0 proceeding additively as sin c~ is made larger. The three groups may be labelled I, II, III in race K, i, ii, iii in race A. Whether these "groups" are, as such, distinct entities, or that merely the mechanics of the involvement of receptors in excitation is diversified in this way, we are not at the moment caned upon to answer.
The triplicate character of these curves reappears in the analysis of the data pertaining to race B (Fig. 12, 13 ). When the three races are compared the differences between them are seen to be of the following kinds. Disregarding the magnitudes of 0 at the lowest workable slopes, and paying attention only to Figs. 10, 11, 13, races A and K, which chiefly concern us, show but slight differences between the mag- nitudes of sin a at which the peaks of our separate distribution curves appear. The only real differences concern the sizes of the three subcurves into which each curve has been analyzed. The central curve for A, in fact, is drawn by multiplying the corresponding ordinates in the K curve by a constant. Within the limits which are completely negligible in view of the errors of the graphical procedure, the same is true of the curves for i and iii. The A individuals then differ from the K in the magnitudes of the ordinate units in which A 0/A log sin a is to be expressed. Essential differences between A and K should be revealed by reducing the curves for the two to a common basis, involving (1) a threshold 0, (2) a constant for A 0/4 log sin a. The analysis of the 0 vs. log sin c~ curve for race B (Fig. 13) shows groups 1, 2, 3 again easily recognizable, but to be in each case small. The similarity between A and B we have already seen to be chiefly a matter of the geotropic threshold (Fig. 1, 8) , rather than of the function A0/Aa. Hence if we adjust the ordinate scale to give equivalence in rise of e over the working range of geotropic excitation the curves for A and B should be made to coincide, at least approximately. This might be Relations of the same sort appear in the case of young mice (of. Crozier and Oxnard, 1927-28) . The orientation of slugs (Wolf, 1926-27) , and of other forms, involves different considerations, which cannot be gone into here.
The lowermost "group" is incompletely represented, since A0/A log sin ~ cannot be shown to drop to zero within the range of values of open to reliable test. But if we assume it to be a really symmetrical curve (i.e., I and i) we can arrive at a sort of approximation of the lowest slope effective in evoking geotropic creeping. For the K race, this is (. Fig. 10 ) at about 9°; for the A, about 5°; and for B, about 6 °. These values are "ideal" however, and except in the case of K do not correspond to the indications of the cos e ~s. sin a plots; in this respect races A and B must be regarded as having certain of the receptors concerned in the determination of 0 already activated when the individuals of the age we have employed are creeping on the flat (cf. Fig. 1 ).
We might proceed in several ways to test the adequacy of this representation. It may be possible, for example, to modify the curves in Figs. 10, 11, 13 when the rats carry additional loads (attached masses). One might obtain in this way evidence as to the possible anatomical separateness of the three presumptive receptor groups. For the time being, however, we confine attention to a genetic test.
In Fig. 14 (Fig. 11) ; the left hand curve is also traced from that for this race (A); the righthand distribution is that for race K; except for the extreme right hand end of the graph, which is in any case uncertain, the parental resolution curves iA, iiA, IIIK
give an entirely adequate picture of the state of affairs in the progeny; see text.
respective curves were drawn in their final forms before this mode of treating them was contemplated. It appears (Fig. 15 ) that the F1 individuals resemble the A race in that "groups" 1 and 2 are closely enough alike to be taken as identical (i.e., they are i and ii), while the area and form of "group" 3 is here an exact duplication of that in race K; in fact, the constituent curves are traced from the respective graphs already given. The only differences lie in the fact that i in F1 is slightly larger than in A, but obviously not like r in K, so that its curve must be slightly expanded (as in Fig. 11 , dashed line); and there are evident slight shifts in the positions of the maxima--that for ii being in F1 pushed 0.06 unit to the right, and for III 0.08 unit to the left (this makes III assume, as regards its maximum, exactly the A position, i the K position, as seen in Figs. 7, 8) .
The naive interpretation of these effects might be to regard the conditions producing small i and ii groups to be dominant over the corresponding large I and II; and reciprocally as regards III and iii. If the developmental bases for these differences are distinct and independent, more critical examination of the situation should be possible with the help of tests for segregation of their genetic correlates.
V
Individuals from the FI generation of (K x A), already used for the orier~tation experiments, were raised to maturity and back-crossed to the K and to the A lines. If the suspicion be justified that the three "groups of sense organs" correspond to genetically independent entities, a different outcome is of course to be looked for in each backcross. The comparison of Figs. 10, 11, 13, 15 suggests that the groups 1, 2, 3 may be in some fashion essentially independent. We then expect the following relationships to appear in the two back-crosses. In (F~ x A) we expect the individuals to be all very nearly alike, but, given adequate measurements, they should be separable into two classes upon the basis of a difference in size of group 3; for, if the indications of dominance already seen are lived-up-to the progeny in this back-cross should obviously be of two sorts, phenotypically, one half of them (ideally) showing a large group 3, i.e., III, the other half showing iii. In the other back-cross, (F1 x K), we should expect the third group to be essentially alike in all the individuals, but there should be fo~'r classes as regards the exhibition of large and small curves for groups 1 and 2.
The kinds of difference thus predicted impose a radical test of the antecedent analysis. There is required the establishment of a reaction curve for each individual separately, the grouping of these curves upon an objective basis of the differences they may exhibit, a statistical justification of such groupings, and the examination of the differen-tim curves which eventuate. We may expect that differences among the weights of the cross-bred individuals may introduce complications, so that this additional point must be examined experimentally.
Four litters were used in the backcross F1 x K. These animals were born within two weeks of each other. Three litters were produced by mating F1 females to 60th generation King albino r~ales, the fourth from a mating of a 60th generation King albino female to an F1 male. Four animals (nos. 19 to 22) were put to nurse on a B family female. No influence due to the mother was noticeable although the B line geotropic reaction is obviously different from that of lines A, K or F~. Similarly 6 animals of one of the three F~ x A litters tested were nursed by a B line female, with no apparent influence on the geotropic response due to the mother. The three F~ x A litters were also born within two weeks of each other, and two months after the F~ x K litters. They were all sired by the same A line male and the mothers were F1 females. All the F1 animals used in these crosses were previously tested for their geotropic reaction. Where the litter size was greater than six the litters were split and part put to a foster-mother. Thus from two to six animals were nursed by a single female, but never more.
The individuals tested in the back-cross (F~ x A) were 21 in number, 3 litters. Each animal was tested for geotropic orientation, under standard conditions, about twenty readings being secured at each of 7 inclinations. The same creeping surface was used throughout. The mean O's are collected in Table VI , where the individuals are grouped in a manner to be discussed shortly.
Although the numbers of rats are small, there are several independent tests which may be applied and which give concordant results concerning the reality of the differences detected in comparing these individuals. We have seen reason to expect very slight if indeed any differences in the curves at low values of ~, since we would look for the receptor groups 1 and 2 (i.e., i, and ii) to be identical throughout. But, from the results of experiments with attached weights I (cf. later), this expectation might be upset if the weight of the young rat is genetically modified, either as to amount or arrangement, in such a way as to act differentially upon our assumed groups of receptors. Table  VII shows that there is no correlation, however, between the total [[ 76.90 80.81 weight of individual and the mean 0 at ~ : 20 °, nor at a : 70 °.
This influence of weight we may then ignore, at least as to any gross manifestation (as already noted with the F1 generation). We can therefore afford to look for a significant shift of ~ at a -20 ° in comparing the orientations of individuals produced in the two back-crosses. It is to be remembered that at this low inclination the ~ measurements are the most variable; so that we might not be surprised to find only blurred indications of the relationships sought. The experimental facts, however, are detailed in Fig. 16 . It is clear that the F1 individuals show modal 0% between those already gotten with the K and A races, and that with (F1 x A) the mode moves still further toward the A position--becomes in fact identical with it. With (F1 x K) there is some definite indication of two types of 0, one near the F1 position--that is, shifted toward K,--while the majority cluster about the 0 characteristic of the A race. We shall find independent reason for regarding these distributions as reasonable. The mean O's at lower slopes for (F1 x A) individuals are obviously consistent throughout. At the uppermost end of the curve, however, this is no longer true. Careful consideration of the curves for the separate individual shows that they fall into two classes which can be distinguished reasonably well. Up to a = 55 ° the O's for both classes show astonishing agreements with the means already established for the A race 1 (cf. Table 1 ). The fact that the agreements are in this respect better than with the F1 population may be accidental, or due to the genetic reshuffling of unrecognized influences affecting orientation. But above a = 45 ° the two classes of cases recognized in Table VI are to be separated. In one of these classes the determination at a = 55 ° is consistently higher (as in the F1 population) than in A, while the figures for the other class agree better with those for A. The curves for the mean O's in the respective classes are given in Fig.  17 . There is no real correlation between weight of individual and this grouping, though the iii rats average a little less than the III array. These differences are so slight that in spite of their complete consist- (Table VI) distinguished in the back-cross progency (F1 × A); in one group (e), the effect labelled III (cf. Figs. 10, 11, 13 ) is apparent, and contrasts with iii in the other group; the only detectable difference is in the region a = 50 ° to a = 70 Q. ency with the forecast of the analysis we do not feel that any great significance can be attached to them alone. Their real meaning is that the mere crossing of F1 and A individuals, found to be closely similar in geotropic behavior, does not give rise to new and unforseen differences among the progeny produced. This negative evidence is none the less powerful, and supports the evidence provided by the forms of the curves in Fro. 18. Cos # vs. sina for thetwo groups of individuals in the families (F1 X A). For one of these, the line should be similar to that for F1; for the other, it should be similar to that found for the A grandparents. The group of composition (i, ii, iii) give a slope A cos 0/A sin a = 7.8, with A sin a taken = 0.4, while for the A line the slope is 7.8 (cf. Fig. 1 ). [The fact that the position of the line is slightly lower on the cos 0 axis is discussed subsequently in the text; this effect causes the # -log sin ~ plot (Fig. 17) to be as it were rotated about a mid-point (by comparison with that for A), and thus to signify a broadening of the distribution curves for thresholds of our groups of sense organs.] The group of individuals presumptively (i, ii, III) in constitution should on the present coSrdinates show a break in the graph, with increased slope at the high a-end. The best fitting straight line should have a slope similar to that already gotten for the similarly constituted F1 (Fig. 5) ; it is actually = 8.0 units, as compared with 8.4 units for F1. II sin a for the two groups of individuals are given in Fig. 18 . (At a later point, the variability of mean 0 is also discussed). It should be mentioned that sundry random groupings of individuals (Table VI) have been tested, and that in no case do the regularities detected in Fig. 17 any longer appear.
It will be noticed that where we expected large and small examples of "group Y' in the ratio 1:1, we have in Table VI actually 11 of one kind and 10 of the other. This ratio is better than would be expected to occur often in a sample of this size. Consequently it is of interest to find that, from the color-factor constitutions of races K and A, we look in the progeny of F1 x A for black and yellow offspring in the ratio 1 : 1 ; we have in the litters used for the geotropism tests 10 yellow and 11 black. There is no definite association of our III and iii forms observable with color (4 were III, yellow; 6, III black; 6, iii yellow; 5, iii black). The factual segregation of the color-determining genes, of which the genetic behavior is sufficiently well-known, proves that no untoward selective influence dictated our choice of individuals for testing. It seems to us worth stressing the technical advantage, and the significance, of such self contained checks on the composition of the populations used in the tests, especially when the numbers available cannot be made large.
The results in the other back-cross are expected to present a more complex picture. We look for all individuals to be alike as to "group" In; but, if free assortment of whatever it be that determines the I, i; II, ii association is to take place, we look for four groups of individuals phenotypically separable, showing all possible combinations of the "large" and "small" groups in positions 1 and 2. Since it is physically out of the question to manipulate large numbers of progeny and yet to keep all necessary conditions uniform, and since our primary aim was to test the nature of differences between our original formulae for the K and A lines, any evidence of segregation is to be looked upon as favorable to the inquiry.
From the indications given by the distributions of e at 20 ° (Fig. 16 ) we have already seen reason to expect in (F1 x K) two groups of individuals, separable at low values of ~. More complete separation is obtainable in two other ways. With sufficiently reliable measurements we might analyze the e-log sin a curve for each individual, grouping these in accordance with the indications of the presence of I, i; II, ii, or the other combinations. This has in fact been done. The alternative method is to consider the cos 0 -sin a plots. The results of these two methods are completely concordant. Limitations of space lead us to present only the result of the latter proceedure in detail,but the material for the former treatment is given in Table VIII . By very fortunate chance the races initially chosen for these experiments, A and K, turn out to be rather "simple", in the sense that our three "groups of sense organs" are each large, in K, small in A. Were it not for this fact the analysis would be much more difficult. As one result of the actual condition, the cos 0 --sin a plots for these races (Fig. 1) are straight. But in a combination corresponding to I, ii, or to i, II, the graph with these co6rdinates should show a sharp break. With I, ii, the 10w -a end should be steep, as in the K race, the mid region less steep, as in A (Fig. 1) . None-the-less, recognizing possibilities of errors in the determinations of 0 with any one individual taken singly, it is possible to draw a fairly satisfactory line through the points for each one, plotted as cos 0 vs. sin ,. In the case of the K race, the slope of this line, in arbitrary units [4.0 /, cos 0/(A sin = 0.4)] is 12.6 units; for the A race, 7.8 units; for F1 (K x A) it is 8.4 units. We expect in (F1 x K) a group of individuals showing a cos 0 --sin a slope near to 12 units, another with slope near 7.8; and, if the previous assumptions are just, two other groups with slopes in between these values. The relatively greater uncertainty (experimentally, not statistically,) of e at a = 70 ° makes the finer separation doubtful, since this 0 is likely to be low. At least, we can say that one group should have the slope A cos O/A in a (chiefly weighed by the O's at ~ < 70 °) near to that for K; another, more numerous, near to that for A; another, about as numerous as the first, with the slope intermediate. In fact the grouping by this method is rather rough, although quite clear, as Table IX shows; it has been checked by the more detailed consideration of the cos # --sin ~ plots for each individual, where it is clear that the slopes for the parts of the graphs compel the recognition of independent assortment of I, i and II, ii "groups of sense organs." This mode of associating the individuals is exhibited in Table VIII should have its low-a end like that for 1, its mid-portion like that of Group 2. Group 2 should resemble closely, except at a = 55 ° -70 °, thegrand-parental A, or more closely the Group (i, ii, III) of segregates in the back-cross (F1 X A), with which its curve is indeed identical. Group 4 should show a lower portion of its curve like that in the curve for Group 2, its later portion like that in the curve for Group 1. In other words, as regards the slopes of these curves, considering each curve divided into two parts on either side of a = 35 °, we should find all possible combinations of low and high slopes--high slope below 35 ° combined with either high or low slope above 35 ° (up to a = 55°), and reciprocally. It is clear that these combinations are indeed found. Fig. 19 , where the slopes given to the lines are those obtained in Table  IX . When the separate series are studied it is evident that the "broken" character of the plots is sufficiently clear in the case of three of Table II) for certain individuals from the backcross (FI × K).
• The value for Nos. 8, 11 might be expected to be like that for K: The slope A :-~ X 100 / (a log sin a) is in this case, using units previously employed, = 2.00; N = 3.88; the product = 7.76, obviously of the order of magnitude obtained with K (cf. Table II) . Individuals 9, 10, 12, 13, placed in our second group, i.e. resembling the 171 population, were chosen because 20 observations were obtained with each of these; the variability function is obtained from P. E. /0 × 100 for the summed records: This compares sufficiently well with the value 1.92 (Table II) gotten with F1, as to order of magnitude. The cogency of this reasoning is further supported by analysis of the variability of the group of (F1 × A) individuals (Table II) , determined to be like race A. For these, the value obtained is 2.5, which as to order of size agrees well with the value for A as gotten in Table II. the four sets. The remaining one is like the original K line, save that the O's are uniformly higher (cos O's less). This corresponds to a uniform lowering of the K graph, with only very slight change of slope. The same shift is seen in the graph for the A line which "ought" to describe the course of the observations with the second set (i, ii)below a --= 50% It will be noticed that the graphs for the four sets cross at a = 36°4-, as predicted in an earlier Section (p. 78), and that the mean O's are included within the lines corresponding (with the parallel shifts just mentioned) to the K and A grandparental races. The shifts correspond, it seems to us, to the entrance of other (genetic?) factors not segregating with I, i, etc., but capable of affecting 0; they cannot be associated simply with weight of individual; the effect upon the distribution curves for ~0/A log sin a is to cause them to broaden out, with lowering of the ordinates (c]. Fig. 20, 21) , as in the case of our B race.
An important check upon the associations given in Table VIII has been obtained by various trials at random and obviously "false" groupings. It was pointed out much earlier (p. 78) that in the total (FI x K) population P. E. 0/0 passes through a minimum at a --36°-% plainly indicating heterogeneity. For each group in Table  VIII the variability of 0 declines as a straight-line function of log sin a. With sundry false groupings this is at best only feebly true, and usually quite untrue. A striking point about the groupings here given is that for the segregates expected to be like the K grandparents the variability is so likewise; while for those expected to be like F1 (K x A) this is also the fact. The average O's given in Table VIII include for some individuals 204-observations each at each a, for others 40 -4-; the latter were obtained in the course of tests designed to see if facilitation ("learning") influenced the measurements of 0 --as we have already discussed (p. 60). To simplify the presentation we choose two individuals of the group I, II. III and four from i, ii, III, and in Table X give the variability function for the two lots. If the variability is a function of specific sense organ groups, the "variability number" for the first lot should be like that for K; of the second lot, like that for F~ (K x A). Table X shows that to a remarkable degree this is indeed the fact, although we do not seek to stress the conclusion unduly until further data are available.
If there is free association of I, i, II, ii, and of the color-factors involved in the cross, we expect equal numbers of I and of i, of II and of ii, and of black hooded and of albino individuals, with no indication of connection between color and geotropic performance. Of I and i there are in Table VIII bl.h., thirteen alb.; of the latter, the ratio is the same. Table XI shows no connection between color and geotropic response. As stated in discussing F1 (A x K), this fact we regard as direct evidence that no untoward influence dictated our selection of litters for examination, since the inheritance of the color genes is well known, and the appearance of the patterns in our individuals shows chance arrangement.
When 0 is plotted against log sin a, we expect for these groups of individuals curves of which the differentials should show, when plotted against sin a, the 3 "groups of sense organs" previously recognized.
Of the 0-curves we expect one to be like that for FI, one to be like that for K, the other 2 different in certain predictable ways. At the same time, the shift of the cos 0 graphs we have earlier remarked as "flattening" the differential curves. This corresponds to a curious "rotation" of the 0 -log sin a curve, about a mid-point, as seen also in the comparison of lines A and B, and may be related to the participation of other ("genetic"?) influences, but we are in no position to discuss these concretely. However, there is no difficulty in recognizing the four kinds of individuals we in this case seek. It is instructive to notice that several of these sorts of individuals give 0 --log sin a graphs much more nearly straight, as a first approximation, than those originally gotten for races K, A, B, etc. This again reminds one of the dangers of "Weber's Law," and leads us to remark that this particular straight-line is not quite the same thing as that usually appealed to in such relations. In the present cases the approximate rectilinearity holds over the whole workable range of a, whereas it is well known that the relation usually seen between response and log stimulus, and for photic excitation dearly analyzed by Hecht (1924, b) , holds only over the midrange. Curves of 0 vs. log sin a for the four sorts of individuals recognized in (F1 x K) are plotted in Fig. 20 . The differences among thesehave already been briefly characterized. It may be noted that the probable errors of the mean O's are less than the diameters of respective symbols, but are a little larger than might be expected on the basis of the numbers of readings, owing to the fact that the 0 curves for two individuals may be parallel, but A0/Aa the same; the use of litter-mates in the K and A series apparently avoided this effort.
A general scheme for the inheritance of these phenomena can accordingiy be written: vd.'th the realization that in backcrosses with A and with K the expected phenotypic classes, recognizable by several different tests, in each case appear to be found, and in proportions of individuals which clearly indicate the possibility of independent alternative inheritance of the factors recognizably concerned. Genetically, the amount of geotropic orientation in these animals must be regarded as a "multiple factor" effect. It is possible to foresee that in certain other instances it may be feasible to disentangle the relations of several cooperating genes by the similar application of methods which seek to modify quantitatively the expression of composite resultants according to the influence of some controlling condition of the respective contributing factors.
With regard to the possible significance of these differences, interpretation must proceed slowly. They cannot be accounted for by mere differences among the weights of the several individuals. Since, as we have seen, the values of 0 at threshold a are apparently distributed in a way corresponding, at least roughly, to the finer differences brought out, it might be conceived that re-distributions of the weight, in terms of differential growth rates of the regions of the body, might influence in a differential way the excitation of a fundamentally uniform series of receptors,--essentially the same, that is, in all the cross-bred individuals. But a little reflection makes it appear that this assumption would require rather elaborate hypotheses if it should attempt to explain in detail the effects as found, and it could not interfere with the conclusion we are impelled to draw.
If we accept the initial assumptions of these experiments, chiefly that according to which 0 is determined by the achievement of essentially equivalent excitation of tension receptors on the two sides of the body, 0 in degrees being therefore a proportional statement of the total amount of excitation, we must recognize at least the following elements in the case: (1) the magnitudes of the exciting pull (k sin a) ; (2) the variation of excitation thresholds among the population of receptors; (3) the frequency with which their excitation occurs;and, presumably, (4) central nervous thresholds. The relative simplicity of the results obtained in endeavoring to analyze the observations encourages us to believe that the method of treatment deals successfully with 0) and (2-3). It is implicit in the treatment that by a "receptor" effect we include the whole chain of events from sense organ through to central organ and 'beyond, and include also the frequency of excitation,--because it is in these terms that our "groups of receptors" are recognized. But it should be noted that the speed with the A line is, at given a, a little less than with K; qualitatively it increases in the same way. We have ignored possible differences in speeds of creeping, because no great absolute differences were perceptible between the several lines used; and there is at present no means of dealing with the significance of the speed as related to length of limbs and the like. The matter of "central thresholds" ((4) above,) we cannot deal with directly. In view of the correlation between threshold O's and the slopes of the 0 --log sin ~ lines, it might be supposed that the essential genetic differences between lines, K, A, B, and the K x A hybrids relate merely to the ease with which particular assemblages of tension-receptors become effective as loci of stimulation, whether through differences in central nervous conditions, or through differences in the relative excitabilities arising through diverse arrangements of the body mass relative to the dimensions or attitudes of the appendages during creeping, or to the frequencies of stepping. Such differences might well be responsible for the fact that at the slope where 0 begins to be exhibited as a definite function of the slope, different "numbers of receptors" are already involved in the several cases. The question remains, whether these additional receptors are drawn from the whole available array, or selectively from one or more groups of them. But in neither case would the effect in any way minimize the significance of the recognition in the present cases of three such groups. As is shown in the final section of this paper, a selective effect on one of these three groups can be demonstrated when an additional mass is appropriately carried by the creeping rats. A choice among the several alternatives suggested (and others are possible) would affect merely the interpretation of the genetic results. In other words, we cannot say that the genetic differences utilized and revealed in the present experiments definitely depend upon the occurrence of three distinct groups of sense organs, the number of organs in each group differing in the several pure lines used and being subject to the rules of simple alternative inheritance, because the conditions of their effective excitation may be the things subject to inheritance. Whether these conditions are of a central nervous sort, or depend merely upon the relative rates of development of the numbers of tension receptors in our three groups, in the several races used, cannot be stated. The contrast between fines B and A might be understood in either way. These considerations do not affect the fact (1) that the quantitative differences found between lines A and K are shown by their genetic analysis to be real differences, and (2) that genetic differences of the sort we have used can be recognized and characterized only by quantitative procedures which seek to define the genetic phenomenon as a function of an experimentally controllable variable.
VII
It has been clear to us that the existence of the three "groups of sense organs" apparently concerned in the adjustment of the geotropic orientation of our young rats might be made more certain if demonstrable by some independent test. At the same time, it might be possible to predict upon this basis, at least in a general way, the outcome to be expected as result of certain modes of experimental manipulation. If, for example, our three categories of sense organs inhabit diverse organic loci,--muscles, tendons, skin,--it might be possible by increasing the loads to be carried by the young rats to modify in a FIC. 21. Outline of a rat creeping on an inclined surface, with flat brass weight attached to the skin of the back. Outline from motion-picture record. predictable way the curve connecting 0 with a. We have earlier demonstrated (Crozier and Pincus, 1926-27,a; Pincus, 1926-27) that when small masses are attached to the base of the tail of these animals, at constant a there is evident an increase of 0 about proportional to log m, where m is the added mass, and that the speed of linear progression is similarly influenced. The information now required, however, depends upon measurements of ~ as a function of ~, with m constant. If the added weight is so located as to influence primarily one of our "three groups of sense organs," bringing it into play at lower values of a than in the absence of the weight, then we expect the curve connecting e with log sin a to be distorted at one end or the other. In that event, curves of the type of those already shown in Figs. 10, 11 , should undergo a change signifying a shift of apparent thresholds of the sense organs of one or more groups.
An experiment of this sort may be described here. It was made with individuals of race K, under standard conditions, the individuals first being tested for orientation at several values of a and then employed after a flat brass weight (2 gins.) had been attached to the center of the back with a thin layer of chicle. The total attached mass was 2.15 gm. It is not particularly easy to attach weights to these animals, on account of the looseness of the skin, and the method now used was adopted only after trial of a number of others involving the use of tiny harness straps (of rubber dam), clamps, and the like. The diagram in Fig. 21 illustrates the relation of the weight to the animal's axis.
The experiment comprised two parts. In the first, measurements of orientation were obtained at various inclinations in about 10 runs with each of four individuals. Care was taken to exclude fatigue effects. The second part of the test was a repetition of the foregoing with a new litter of rats, some days later.
The results from these two experiments are collected in Table XII . The plot in Fig. 22 makes it evident at once that at low values of a, e is increased, in a regular manner, by the presence of the added mass. Moreover, the flatness of the curve at intermediate magnitudes of log sin a clearly suggests the kind of unequal distortion of the 8 curve which we have seen reason to expect. The differential curves corresponding to the e-graphs in Fig. 23 , obtained as previously described in connection with Figs. 10, 11, are given in Fig. 25 . If the amount and the adjustment of the weight in these tests has been such as to influence chiefly the sense organs of our group II, and to a lesser extent those of group I, bringing the affected ones into play at low angles of inclination, below or as low as at the working threshold inclination, then the area under the differential curve B in Fig. 25 should be less than, and proportionately related to, the area under curve A in Fig. 25 . It is evident that this is in fact the case. The mean 0, without weight added, at 15 °, is (from the curve) 34°; with a load of 2.15 gms., 0 = 50 °. Continuing the assumption that 0 --the total number of sense organs capable of controlling the geotropic orientation, and assuming that all these are activated when 0 --90 °, then the number remaining to be activated by increasing a above 15 ° is, without the weight, proportional to 90-34, or 56; with the load, to 90-50, or 40; in the latter case the number of "available sense organs" is then reduced in the proportion of 40/56, or of 2.0/2.8. Actually, the areas under the two curves in Fig. 25 we believe; if this be correct, there results a striking justification of the conception that the orientation angle is determined in such a way as to reflect, directly, the total number of receptors activated per unit of time during oriented progression. It will be noted that on the cos 0 plot (Fig. 24) tions at lower values of 0 passes practically through the 0 = 0 origin (cos 0 = 1). This would be interpreted to mean that the presence of 2.15 gms. added mass s6mulates none of the receptors in question while the animal is moving in a horizontal plane. The modifications of the curves which might be expected with larger masses, or by employing rats of other races, cannot be entirely foreseen.
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The variability of 0, as P.E. 0/0 × 100, is much reduced, propor- clets) in which the same number of individuals (4) was concerned, with the same number of readings on each, the slope A (P.E./0)/A log sin a is in the two cases in the ratio of about 1:2.57. If the probable errors, as percentages, are however plotted a~Mnst 0 for each series, as in Fig. 26 B, the relationship is again sufficiently rectilinear, and the comparison is fairer. The slopes of the fitted lines are as 1:1.66. If we assume the variability, with the load, to be reduced in proportion to the effectiveness of the total load as a gravitationally activated stimulating agency, we might expect the variability susceptible to reduction by increasing a to be diminished in proportion to the 0 angles at threshold ~ (15°); this is as ~1:34, or as 1:1.5. The agreement with the observed 1:1.66 is suggestive, and supplies a further confirmation of the analysis.
There is obtained in this way a distinctly encouraging proof that the elements underlying the assumption of definite geotropic orientation under conditions of steady progression, which have been dissociated by purely genetic methods, can by an independent method be shown to occur as distinct entities. We do not now hazard an opinion as to the possible structure character or the locations of the diverse "groups of sense organs." It is possible that weights attached to the rats at other parts of the body would produce qualitatively different effects; indeed, this would be our expectation. But we submit that the general results of this analysis, including the outcome of the application of the independent tests which have been described, constitute a reasonably self-consistent picture; and that alternative interpretations of the facts which we have adduced must be prepared to account for these relationships in a definite way. VIII SUMMA_RY 1. Equations describing the geotropic orientation of young rats as a function of the inclination of the surface on which creeping take place, under standardized conditions, are found to be of similar form but with different values of the contained constants, when several different, genetically stabilized lines or races are compared. The values of these constants are characteristic for the several races.
2. The biological "reality" of the differences between young rats of two races, as given mathematical form in terms of these parameters and coefficients, can be submitted to radical test by investigating their behavior in inheritance. A simple result favorable to the inquiry would be decisive; a complex, non-clear result would not however be definitely unfavorable to the view that "real" differences in behavior are in question. The actual result is of a kind demonstrating (a) the efficiency of the original formulations, and (b), at the same time, the definite inheritance of certain quantitative aspects of geotropic behavior.
3. On the assumption that orientation on a sloping surface is achieved when, within a threshold difference, the tension-excitations on the two sides of the body (legs) are the same, the angle of oriented progression (0) can be taken as a direct measure of the total excitation. This is consistent with the equation, accurately obeyed by our initial races, A cos 8/A sin a = --const., where ~ is the slope of the surface.
4. The total excitation of tension-receptors must be regarded as involving, over a gross interval of time, (1) the total array of receptors with thresholds below a certain value, a function of the stretching force, and (2) the frequency of change of tension. The latter, largely determined (it is assumed) by the frequency of stepping, should be proportional to the speed of progression. This speed is directly proportional to log sin ~. Hence A0/A log sin a. plotted against sin ~z, should give a picture of the distribution of effective thresholds among the available tension-receptors in terms of the exciting component of gravity. For the races investigated this distribution can be resolved in each case into three groups.
5. A "variability number" is employed which permits the demonstration that the variability of 0 as measured is (1) definitely controlled by a, and is (2) a characteristic number for each of the pure races used.
6. By attaching a weight to rats of one race it is found that &e/ &a is modified in a manner concordant with the assumption that the three "groups of sense organs" are in fact discrete.
7. In race K these three groups (I, II, III) are large, in race A, small (i, ii, iii). F1 rats of the cross between these two races show i, ii, III.
8. F1 individuals back-crossed to A give in the progeny two sorts of individuals, in equal numbers: i, ii, III and i, ii, iii.
